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Abstract. This paper describes research on information retrieval with
an adaptive hypermedia system (AHS) used during three higher educa-
tion courses taught in a blended learning (BL) environment. The system
generates diﬀerent work plans for each student, according to their proﬁle.
Work plans are adapted by means of an algorithm. AHS enable course
contents to be adapted to the learning needs of each student and struc-
tured in a way that leads to many diﬀerent learning paths. The case
study method was used in this research. The results suggest that the
AHS has a positive impact on the learning process. Further research is
needed to conﬁrm these results.
Keywords: adaptive hypermedia system, blended learning, adapted,
algorithm.
1 Introduction
According to [10] “an AHS is a hypermedia system that adapts itself
autonomously. This is, it monitors the user’s behavior, records this behavior
in a model of user and dynamically adapts the model current status.”
The purpose of AHS is to create a learning space that can be adjusted to the
particularities of each student, making it possible to set up educational environ-
ments where students reach learning objectives by means of contents and expe-
riences in accordance with their aptitudes, interests, and preferences [1]. AHS,
its methods and techniques have been frequently used in the area of education
[2], hiding or showing information and links according to certain conditions to
be met. Within this context, adaptation aims at rendering learning more eﬃ-
cient and eﬀective. [13] As expressed in [3] and [4], adaptive hypermedia is an
alternative for the traditional one-size-ﬁts-all approach. These systems are useful
to adapt the content to the needs of each user. According to [7], the term BL
has gained ground in recent years as a speciﬁc way of describing education that
uses technology. The deﬁnition of BL has created great controversy in scientiﬁc
literature. Below are the given by the authors [14]:
1. An integrated combination of traditional learning with Web-based online
approaches.
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2. The combination of media and tools deployed in an e-learning environment.
3. The combination of a number of pedagogical techniques, irrespective of the
learning technology used in each case. [9] Stated that the aim of a BL is
to ﬁnd a combination of resources and procedures that are adapted to the
learning scenario, in order to attain better student performance.
2 Design of AHS
The elements of AHS with their diﬀerent components: content, user, adaptation
and evaluations are explained below.
– The contents component can be used to structure the knowledge that is to
be transmitted. In addition, it allows information on contents to be stored
and managed. The conceptual arrangement of contents is based on the model
proposed in the ASK system [5][12] in which contents are presented via a
network of concepts (nodes) that are predeﬁned by the lecturer and should
be learnt by the student. The arcs represent the transition from one concept
to another, according to the knowledge that the student has gained. The
transitions are presented in the form of evaluation questions.
– The user component contains the student’s proﬁle, which changes as the
individual interacts with the system and acquires new knowledge. For each
user, a model is saved that represents their knowledge of the course contents.
This is called an overlay model (it deﬁnes the student’s knowledge as a
subset of an expert’s knowledge). The asynchronous mode contains general
and speciﬁc contents.
– The adaptation component involves a set of rules that enable contents to
be adapted to a student’s proﬁle. The use of rules to make an adaptation is
inspired by research into AHS, including “Modelling of an Adaptive Hyper-
media System Based on Active Rule [11]”. This research applied the following
rules:
When an event E occurs, if condition C is met, the system will execute
action A.
The adaptation is carried out via rules that specify which elements of
the system will be shown and how they will behave, according to the user
model [1]. The rules establish which contents the user should know and
what knowledge they should gain before they can access speciﬁc contents [8].
In addition, they establish the way in which the user and content models
are combined to carry out the adaptation [4]. In general, the rules enable
the system to adaptively select content, taking into account the student’s
characteristics and what they need to know in order to meet the learning
objectives.
– The evaluation component allows the evaluations to be adapted to the stu-
dent’s proﬁle. There are two types of evaluations:
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◦ Type A is an evaluation of knowledge on contents.
◦ Type B is an evaluation of the student’s perception of the learning
process.
To implement the AHS, the following aspects of each of the components are
considered:
– Contents. This component is used to manage contents. Metadata for each
content item in the AHS enables it to be described. The contents are stored
in the content repository. Content management has the following functions:
add a new content, modify, delete and search.
– Users. This component enables user proﬁles to be created, updated and
managed. Metadata is available on each user, so that they can be identiﬁed
in the system.
– Evaluations. This component is used to manage Type A (knowledge) and
Type B (perception of learning) evaluations.
– Adaptation. This component deﬁnes the rules used to adapt the system to
each user. The rules are as follows:
◦ Evaluation rules. These indicate the criteria to be followed as a result
of a student’s performance in an evaluation on the contents that they
have been assigned in their work plan. To carry out Type A evaluations,
which enable the student to progress in the AHS, the student must ﬁrst
carry out Type B evaluations.
Fig. 1. Interface for the work plan
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◦ Content rules. These indicate the criteria that should be followed in or-
der to select contents, according to a student’s proﬁle. They include:
discipline, preferences, objectives, the user’s category of interest, the re-
lation between the course subjects, and the key words associated with
each subject.
Several interfaces are employed in the implementation of the synchronous and
asynchronous modes of the model. Example is shown in Figure 1.
3 Methodology
The research strategy used was ”Case Study” because it makes it possible to
study a contemporaneous phenomenon in the real life’s context [15]. The size of
the samples and the instruments used for the empirical experiences conducted
during this research work are presented in Table 1. Data analysis was performed
once the information was obtained, processed and organized. To study the ques-
tionnaire open answers and the answers to the interview, the content analysis
methodology was applied because it consists of classifying and/or coding the
diﬀerent elements of a message into categories [6].
Table 1. Empirical Experiences
Experiences Number of participants Instruments
Doctorate. (2005-2006 course) 16 Questionnaire 1, Assessment
Computer Science BA (2007 course) 26 Questionnaire 2, Interview 1,
Assessment
Computer Science BA (2007 course) 26 Questionnaire 2, Interview 1,
Assessment
Doctorate (2007-2008 course) 07 Questionnaire 2, Interview 1,
Interview 2, Assessment
3.1 Experience Description
3.1.1 Software Description
For the purpose of knowing how the AHS-based learning process will progress,
the system was designed applying the XP (eXtreme Programming) method, with
a series of diagrams taken from the Rational Uniﬁed Process and the Uniﬁed
Model Language as standard notation. The development was open source. The
system has the following functionalities: content management, user management,
assessment management, and adaptation management. It also has two kinds of
users: teacher and student. The teacher can manage contents and monitor the
students’ evolution, reviewing their work plans. The students can see their cur-
rent and previous work plans that the system has created based on their proﬁle.
They can also look for contents within the repository and see their academic
information.
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3.1.2 Exploratory Study
AHS creates a proﬁle for each user, depending on the user’s objectives, tastes
and/or preferences concerning the course; this is carried out by means of an
adaptation function. Proﬁle refers to the particular conditions of each student
concerning knowledge, academic experience/research/work activity, technolog-
ical skills, interest/preferences in the course being studied, and progress. The
system generates the proﬁle based on the information supplied by the students
when they access the tool and on previous knowledge. The proﬁle is updated
by means of the student-system interaction. Later, the system selects a repos-
itory of the contents that are shown to the student by means of a work plan
that contains several features. The system includes two kinds of assessments.
One self-assessment of the teaching-learning process (Type B Assessment) and
a knowledge assessment (Type A Assessment). These assessments are related
to the contents shown to the students in their respective work plans. The con-
tent progress will depend on whether the learning objectives have been covered,
through the approval of the knowledge assessment.
3.1.3 Data Gathering Instruments
The instruments used for data gathering (questionnaires and interviews) were
validated by a panel of experts from diﬀerent knowledge areas. Interaction with
experts was based on ICTs, because they were located in diﬀerent countries:
Table 2. Results
Research questions Test Results
How will students rate the use of the AHS? 1 66.70 % Excellent 33.30 Good
1 66.70 % Excellent 33.30 Good
2 52.36 Excellent 39.12 Good 08.52 Regular
3 66% Excellent 17% Good 17% Regular
How will students rate the contents provided
by the system?
1 100 % Good
2 64.00% Excellent 36.00 % Good
3 33% Excellent 50%Good 17% Regular
How will students rate the content evaluations
carried out by the system?
1 11.10% Excellent 66.70% Good 22.20%
Regular
2 35.00% Excellent 36.00% Good 29.00%
Regular
3 35.00% Excellent 36.00% Good 29.00%
Regular
How will students rate their proﬁle, which is
generated by the system?
1 93.75% Excellent 06.25% Good
2 50.00% Excellent 36.00% Good 14.00 %
Regular
3 33%Excellent 50% Good 17% Regular
Will the students consider that the AHS 1,2,3 100% Yes
has a positive eﬀect on their learning process?
How will the model inﬂuence the learning pro-
cess of each individual?
1,2,3 100% Yes
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Spain, Venezuela, and the US. Experts validated the appearance or content of
the instruments and clarity review.
4 Results
The results indicate that the AHS had a positive eﬀect on the learning process.
The students gave a good rating to the AHS and stated that the contents were
adapted to the proﬁle of each user. The results of the diﬀerent tests contribute
to research into content personalisation in BL environments. In Table 2, Test
1 refers to the study undertaken on the subject “Research Methodology”, in
the 2006-2007 academic year. Test 2 shows the study undertaken on the subject
“Information Systems”, in the 2007 academic year. Finally, Test 3 refers to the
study undertaken on the subject “Research Methodology”, in the 2007-2008
academic year.
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